on the inotropic effects of nueleosides on acute ventricular failure in the isolated dog heart, 1 we have investigated myocardial purine and pyrimidine derivatives, including nucleotide components, in similar types of cardiac failure. Although other workers have examined high-energy phosphate compounds in cardiac failure, no total pattern studies have been made, and the reported findings relative to adenine nucleotides are inconsistent. 2 " 5 "With the recent development of analytical techniques allowing reliable quantitative separation and measure of tissue nucleotides 6 and their derivatives, it has become possible to establish definitively their distribution in myocardium.
A S A CONSEQUENCE of our observations on the inotropic effects of nueleosides on acute ventricular failure in the isolated dog heart, 1 we have investigated myocardial purine and pyrimidine derivatives, including nucleotide components, in similar types of cardiac failure. Although other workers have examined high-energy phosphate compounds in cardiac failure, no total pattern studies have been made, and the reported findings relative to adenine nucleotides are inconsistent. 2 " 5 "With the recent development of analytical techniques allowing reliable quantitative separation and measure of tissue nucleotides 6 and their derivatives, it has become possible to establish definitively their distribution in myocardium.
The experimental preparation chosen provided both a failing and a nonfailing ventricle in a single heart, permitting the unique advantage of the use of one ventricle as a biochemical control for the other. We had previously shown that unilateral left ventricular failure could be produced without involving the right ventricle, 7 by a heniodynamic stress rather than the use of drugs, which complicated the results of other workers. 8 ' 9 The type of failure induced in the present experiments is defined as ventricular insufficiency or inadequacy of response to increased work loads, resulting from (1) acute and (2) chronic heniodynamic overloading of the left ventricle.
Three isolated left ventricle preparations were made as previously described. 10 Myocardial nutrition was maintained by circulation of 300 ml. of oxygenated deflbrinated blood supplemented with 1 per cent dextrose and 10 units of regular insulin. Heart rate was kept constant by regulating the temperature of blood at the sinoatrial node. Left ventricular work was varied by increasing the hydrostatic pressure available for filling at constant aortic pressure. Each preparation was tested during a control period and after acute left ventricular failure, which was produced 7 prior to sampling the myocardium for biochemical analysis.
Simultaneous records of left ventricular and aortic pressures and electrocardiogram were made at five-minute intervals throughout each experiment. Pressures wei'e obtained by direct puncture and registered by Statham P23D transducers and Sanborn strain-gauge amplifiers. Tracings were monitored on one oscilloscope and photographed from a subsidiary oscilloscope at paper speeds of 25 mm./sec, using an Electronics for Medicine PR7 assembly. 6 Ventricular contractility was evaluated from calculations of the rate of intraventricular pressure change during isometric contraction (mm. Hg/sec). Stroke volume was calculated from the total left ventricular output, measured by six-second collections of brachioeephalic-artery outflow and coronary drainage from the right heart. Left ventricular stroke work (Gin. m) was estimated as the product of stroke volume and the mean aortic pressure obtained from planimetric integration of the pressure curve.
Control period observations were made within one to one and one-half hours after a dog had been anesthetized for dissection. The test of ventricular function employed was an increase in work load produced by a 10 per cent increase in filling pressure. Then aortic resistance was elevated to produce the acute unilateral left ventricular failure previously described. Upon returning resistance to the initial control level, ventricular function was again tested and found inadequate (see Results). This state of deficient ventricular function was maintained for 20 to 30 minutes *Electronies for Medicine, White Plains, Xew York. *AP n , = mean aortic pressure (mm. Hg). tHR = heart rate (beats/min.). JDLVP = diastolic left ventricular pressure (mm. Hg); SV = left ventricular stroke volume (ml.); SW = left ventricular stroke work (Gra.m); dPC = rate of isometric contraction (mm. Hg/msec). before sampling the myocardium, for comparison with the earlier nucleoside experiments. 1 The use of a nonworking right ventricle as a control for a working left ventricle was considered valid in view of our previously reported composition studies comparing working and nonworking ventricles from nonfailing preparations. 11 
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Chronic Failure Experiments
On the basis of observations by Welch et al. that surgically induced aortic regurgitation of varying degrees led to depression of left ventricular function, 12 a group of four dogs was prepared with this lesion. Following anesthesia with sodium pentobarbital (30 mg./Kg.) plus hydroxyzine hydrochloride (25 mg.),* control records of the electrocardiogram and the left ventricular and aortic pressures (obtained by a double-lumen catheter in the left common carotid artery) were 7nade as indicated above. Cardiac output was determined from a single injection (foreleg vein) of Evans blue (0.5 mg./Kg.), and the curve of femoral arterial dye concentration was recorded directly from free flow 13 through a cuvette densitometert 14 on the oseilloseopic assembly. The densitometer was calibrated with the dog's own blood. The aortic valve was then ruptured by introduction of a double-lumen cardiac catheter down the left common carotid artery and repeated puncture of the aortic valve during di-*The antifibrillator action of this drug (Vistaril, Chas. Pfizer Co.) has been observed but not investigated.
•fColson Corp., Elyria, Ohio.
astole. Continuous monitoring of electrocardiogram and paired pressures permitted the timing of such punctures and an estimation of the valve damage produced. In all eases, the contours of the paired pressure pulses became typical of aortic regurgitation, 15 as shown in figure 1 . The dogs were observed daily and studied under pentobarbital anesthesia at weekly intervals after surgery. Palpable precordial thi-ills, widened pulse pressure, and decreasing cardiac output were characteristic of all four. (Cardiac output was calculated by the method of Hamilton. 18 ) Successful isolated ventricle preparations were made from the visibly dilated left ventricles of two of the dogs, and these hearts were used for biochemical analysis. Observations were made within one hour after the dog had been anesthetized for dissection. They consisted of simultaneous records of left ventricular and aortic pressures and electrocardiogram during a test of ventricular function (increasing work load by increasing filling pressure 10 per cent). Ventricular function was inadequate, and the myocardium was sampled immediately.
Controls for Chronic Failure Experiments
Although the nonworking right ventricle in the acute failure experiments could be shown to be functioning normally, the hazards of prolonging observations on the isolated heart preparations in the chronic failure experiments precluded evaluation of function. Therefore, two dogs were anesthetized with sodium pentobarbital and sacrificed, the heart being excised immediately in one, while in the other, the heart was excised after prolonged hemorrhage had depleted the myocardium of blood. 
Extraction and Isolation of Nucleotides and Derivatives Extraction
Muscle strips weighing approximately 4 6m. were rapidly excised from the failing left and nonfailing right ventricles, hlotted, and immediately weighed and homogenized with 9.0 volumes cold 0.3 M perchloric acid. Following centrifugation at near 0 C, aliquots of the clear extract were removed for analysis by ultraviolet absorption and for isolation of nucleotides and derivatives.
Isolation
Preliminary separation of nueleotides and derivatives from the cold perchloric-acid extracts was achieved by selective absorption on norite A, by procedures detailed in a previous report. 6 Resolution of individual components, following group separation with norite A, was most conveniently accomplished by two-dimensional chromatography in paper using combinations of appropriate solvents. The solvent systems employed were: solvent 1, 66 vol. isobutyrie acid, 33 water, and 1.5 cone. NH 4 0H; 17 solvent 3, 60 vol. isopropyl alcohol, 30 glacial acetic acid, and 10 water; 18 and solvent 5, 60 vol. w-propanol, 30 cone. NH 4 0H, and 10 water. 19 Chromatograms were developed by descending technique in stainless-steel ehromatocabs of appropriate dimensions, using Whatman 3MM paper sheets 18 by 22 inches. Tor chromatography, approximately onetenth of the total sample prepared from the initial 4 Gm. of muscle was applied to the paper as a streak covering an area of about 3 by 25 mm. Such application of the sample resulted in the most satisfactory resolution of products. The routine procedure for each sample included application in this manner onto three separate sheets of paper. All papers were chromatographed initially for a 16-hour period in solvent 1. Two of the three papers were next developed in the second direction for a 16-hour period in solvent 3. The third paper was developed in the second direction for a 48-hour period in solvent 5. Typical separations achieved using these combinations of solvents are illustrated in figure 2 from reproduced chromatograms obtained in the present study.
The duplicate chromatograms developed in solvent 1 and solvent 3 were employed for the analytical determinations reported in this study. As far as we are aware, the second development, in solvent 3, isolates all components, with the exception of the uridine and guanosine polyphosphates (UTP, UDP, UDP-glucose, GTP, and GDP) 11 which remain as a mixture and have been analyzed as such. The single chromatogram resulting from the solvent 1 and solvent 5 developments, although providing maximum resolution, was employed only as a cheek on the possible appearance of additional unpredicted compounds in the experimental samples. Chromatograms following solvent 5 development were not used for further analyses, due to the destruction of DPN in this solvent and the inability to determine accurately the small amounts of individual components further resolved from the uridine and guanosine polyphosphate mixture.
Analytical Measurements Ultraviolet Absorption
The total amount of nucleotides and derivatives present in cardiac samples was estimated by direct ultraviolet absorption analyses of the cold perchloric-acid extracts. The principal ultravioletabsorbing compounds in these extracts are the adenine nucleotides, which have a maximum absorption at wave lengths near 260 mju.. and account for as much as 85 per cent of the total absorbing compounds subsequently isolated. Absorption at 260 m/x.. was determined on each extract and com-
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puted in terms of units of absorbence (A 2B o unit = absorbeney X volume in ml.) per Gm. of initial wet tissue. Tissue dry weight was not determined. The computed A 260 units provide a measure of the total amount of nueleotides and derivatives in each investigated cardiac sample.
Analyses of Separated Components
Xueleotides and derivatives, following resolution in paper, were located on the chromatograms by using an ultraviolet lamp (mineralight) and fluorosc-ope, 0 and identified on the basis of previous investigations. °-xl The localized deposits were eluted overnight, along with adjacent comparable areas of blank paper, in appropriate volumes of 2 per cent ammonium bicarbonate. The eluted samples were transferred to 1.0-ml. quartz cuvettes and the amounts of material present determined by ultraviolet absorption, using extinction coefficients available in the literature. The amount of uridine and guanosine polyphosphates, as a mixture, was estimated using an average extinction coefficient of 11,000. The identification of the separated components was further ascertained in each case from the specific absorption characteristics. All measured components were computed in //.moles and have been presented as percentages of the totals. Figure 3 presents records taken during the control and failure periods of a typical acute failure experiment. The analysis of such records provided the data for table 1, A. In each experiment, the failure period was marked by increased diastolic left ventricular pressure and by decreased stroke work and contractility at the initial filling pressure level, as compared with the control period. When filling pressure was increased 10 per cent during the control period, stroke work and contractility increased. When a similar work load was employed to test ventricular function during the failure period, stroke work decreased in all three hearts; contractility decreased in two and did not change in one. On the basis of these observations, it was concluded that all three hearts exhibited acute left ventricular failure similar to that observed previously. 1 '" rupture of the aortic valve. The aortic-regurgitation data were obtained on the day of sacrifice, between three and nine weeks postoperatively, depending upon the estimated extent of change in cardiac function. In the two dogs used for biochemical studies, there was no clinical evidence of right ventricular failure during life or at post mortem. Widened aortic pulse pressure and decrease in cardiac output and in left ventricular stroke work were characteristic. There were no obvious changes in the electrocardiogram. At post mortem, three hearts were found to have extensively torn aortic-valve cusps; the fourth heart M' as inadvertently discarded. Thus, on a clinical and pathological basis, it was concluded that aortic regurgitation with ventricular insufficiency was present.
Results Evaluation of Ventricular Function
Analysis of records taken from isolated ventricle preparations which concluded two of the chronic experiments provided the data for table 1, B. In each ease, the isolated ventricle preparation was made to work at the mean aortic pressure found in the intact animal. The depressed function of the left ventricle was further revealed by the failure to respond to a moderate increase in filling pressure.
On the basis of the various observations, it was concluded that the dogs subjected to aortic-A'alve rupture had incurred persistent overloading of the left ventricle and left ventricular failure which was essentially chronic. Myocardial Composition Studies Figure 2 shows the chromatographic resolution of nueleotides, nucleosides, and bases isolated in a typical acute failure experiment. The quantitative analytical data for each heart in all experiments are given separately in table 3.
The specifically identified compounds were the same, and were distributed in the same proportions, as in the nonfailing hearts previously studied. 11 The apparently larger total of A 26 o units/Gin, of failing left ventricle as compared with nonfailing right ventricle in acute and chronic experiments was not related to any consistent difference in specific compositon. The variation in A 2 «o units/Gin, of wet tissue was considered to reflect a difference in either blood content or interstitial fluid accumulation in the ventricle wall.
The possibility that a difference in the amount of interstitial fluid in the walls of the working left and the nonworking right ventricle would account for the observed total of A 2 eo units/Gm. of left ventricle was rejected upon examining the data from fresh heart no. 1. This heart contained a total of A 260 units/Gm. of the same order of magnitude as the total in the hearts from acute and chronic experiments, with a similarlj' larger amount in the left ventricle as compared with the right.
The possibility that differences in blood volume of working and nonworking myocardium would account for the observed higher 
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Figure 3
Sample records from acute experiment 1. The failure period has been subdivided to correspond to time of restoration of aortic pressure to control level (early failure) and time of sampling the myocardium (late failure). Zero-pressure baselines are shown. Left ventricular pressure (LVP) calibration: 1-mm deflection = .7.55 mm. Hg. Aortic pressure (AP) calibration: 1-mm deflection = 6.7 mm. Hg. The vertical lines indicate time intervals of 100 msec. level of A 2 GO units/Gm. in the left ventricle was confirmed on comparing data from fresh hearts 1 and 2. The latter was excised after prolonged hemorrhage had depleted the myocardium of blood. It contained a larger total of A 2 oo units/Gm. than any other heart examined, with no apparent difference between the totals of A 2 «o units/Gm. in the left and right ventricles. These results stress the necessity of using bloodless tissue for determination of absolute concentrations.
On the basis of the various observations, it was concluded that right and left ventricles have the same composition with respect to nucleotides, nucleosides, and bases, and that acute or chronic left ventricular failure induced by hemodynamic stress may not lead to changes in amount or distribution of these compounds. Discussion
Composition of Nonfailing Ventricles
In order to interpret the observations on failing ventricles, we first established the composition of normal dog myocardium with re- *AP m = mean aortic pressure (mm. Hg); PP = pulse pressure (mm. Hg) ; CO. = cardiac output (ml./min.) ; HE = heart rate (beats/min.) ; SV = stroke volume (ml.); SW = left ventricular stroke work (gm.m). spect to nucleotides, nucleosides, and their bases. In nonfailing ventricles used in the present and previous 11 composition studies, the following compounds were identified: adenosine monophosphate (AMP), adenosine diphosphate (ADP), adenosiue triphosphate (ATP),diphosphopyridine nucleotide (DPN), uridine polyphosphates (UPP), and guanidiue polyphosphates (GPP) ; inosine, uridine, hypoxanthine, and uracil. Since an isolated left ventricle preparation always functions at a lower level of performance than a normal heart in situ, the pattern in the nonfailing right ventricles was compared with that in the excised fresh heart (table 3) . Uraeil was not detected in any of the right ventricles of the acute failure preparations. It is possible that these differences represent a difference in metabolism in isolated hearts as compared with freshly excised hearts.
Effects of Acute Left Ventricular Failure on Myocardial Composition
Criteria for the type of ventricular failure have been discussed in conjunction with table 1 (see Results) and in a previous publication." However, it should be emphasized again that acute failure following the relatively simple stress of high aortic pressure could not be reversed merely by removing this stress, and that the right ventricle remained unaffected. The observed losses of left ventricular contractility associated with the decreased stroke work and output were reproducible from heart to heart, ensuring relative uniformity of preparations for composition analysis of failing left and nonfailing right ventricles. Furthermore, loss of responsiveness to volume loading after the aortic pressure was restored to the control level (see table 1) indicates a permanent alteration in contractility of the left ventricle.
Comparison of the composition of nonfailing right and acutely failing left ventricles (table 3) reveals no differences in level or distribution of most of the compounds studied. The fact that the right ventricle was not performing external work would not alter its usefulness as a biochemcal control for these composition studies, since we had previously shown that external work is not the critical determinant of the amount of myocardial purine and pyrimidine derivatives in myocardium. 11 The fact that the total A 2O o units/Gm. was lower in hearts from the acute failure experiments than in freshly excised hearts may be related to the well-known observation that interstitial fluid accumulates in isolated heart preparations after the first 30 minutes. 20 This would lower the values for both right and left ventricles, by dilution.
Effects of Chronically Overloading the Left Ventricle on Myocardial Composition
Chronic overloading of the left ventricle by experimental aortic regurgitation, and the evidence for the presence of left ventricular failure in the isolated heart preparations, have been discussed in conjunction with tables 1 and 2. It should be emphasized that no attempt was made to correlate either the experimental methods or the results with any type of clinical cardiac failure. The chronic overloading experiments were designed to permit time for metabolic changes, since it seemed possible that slow processes would not be revealed by myocardial composition studies in acutely failing hearts.
Comparison of the composition of right and left ventricles in isolated heart preparations, after chronic overloading had produced some degree of ventricular insufficiency (table 3) , reveals no difference in level or distribution of most of the compounds studied. Experiments on isolated left ventricle preparations made from chronically overloaded hearts were of much shorter duration than those on acutely failing hearts. It is not unreasonable to assume that the apparently larger total A^eo units/Gm. in the former might be accounted for on the basis of less accumulation of interstitial fluid. 20 An apparent tendency toward a smaller proportion of nueleosides and bases in the presence of ventricular insufficiency or failure is under further investigation, in view of the importance of these observations for our interpretation of the previously reported inotropie activity of these compounds. 1 ' 21 Although the present investigation has established that there is no obvious difference in level or proportionate distribution of nuc-leotides in the presence of ventricular insufficiency or failure, the question of rate of turnover of compounds of the various types studied remains. Our previously reported experiments on the incorporation of P 32labeled phosphate into dog myocardium 11 have shown that externally perfused P 32 cannot be used to approach this question because uptake is limited by a specific transport process at the muscle cell membrane.
Summary
The levels and proportionate distribution of nucleotides, nucleosides, and bases were determined in myocardial samples from two freshly excised hearts, three acutel3 r failing left ven-tricle preparations in which the nonworking right ventricle served as control, and two hearts from dogs in which aortic regurgitation was produced surgically as a source of chronic overload of the left ventricle. Ventricular performance was evaluated from cardiac function studies, including measurements of cardiac output, stroke work, and contractility. The compounds identified by chromatographic resolutions were AMP, ADP, ATP, DPN, UPP, and GPP; inosine and hypoxanthine; and uridine and uracil. Quantitative analyses revealed no consistent difference in specific composition of nonfailing and acutely or chronically failing ventricles.
